Differences in temperature between two oat varieties were found at all levels within the canopy and appeared to be influenced by morphological plant characteristics. In both varieties day temperatures were lower and night tem peratures higher than those measured outside the plot over bare ground. For each stage of development, the late-maturing oat was subjected to higher tem peratures than the early oat and this became more intensified with late seedings. Generally, tissues were cooler than adjacent air temperature. During a frost, the coldest conditions were found just above the leaf canopy. Over bare ground diurnal variation was greater at ground level than at 150 cm. Measurements at 150 cm were not indicative of temperatures within the plot. A regression analysis showed that both the day and night temperatures adjacent to the panicle could be predicted with a small overestimation by measurements at a comparable height over bare ground. However, it appears impossible to determine generally applicable firm relationships between crop temperatures and the ambient regional climate.
INTRODUCTION
The importance of the microclimate in the growth of plants has become in creasingly evident in recent years. Efforts to increase yield by enlarging the photosynthetic system, through an increase either in leaf size or number, may alter the climatic conditions around the plant with a consequent reduction in photosynthetic efficiency.
It is a recognized fact that in the air layers close to the ground, climatic conditions of a wide variety can exist in close proximity (2) . Stevenson screens, 13 5 to 180 cm above the ground, provide readings representative of a general area, but do not indicate the wide variations occurring over a vertical distance of only a few inches in the microclimate.
Cordukes and Robertson ( 1) compared temperatures within an oat crop to the conventional temperature of the microclimate, and studied the effect of plant density on the temperature distribution within the crop. They found a much higher temperature at the ground surface in wide row spacings than in narrow ones.
Sprague et al. ( 6, 7) studied temperatures below the 4-ft level over a blue grass sod and indicated the extreme day and night temperatures in this area. Day temperatures were higher and night temperatures lower at 3 in. over a bluegrass sod than at a 5-ft level. Robertson (5) reported temperatures rang ing from 140°F at the soil surface to 90°F at the top of a growing crop of millet, a vertical distance of 2 ft. Tamm et al. (8) studied the microclimate in winter rye, spring barley, and potatoes in Germany. Temperatures within the crop were compared with those over bare ground. There was a maximum negative temperature value of 14.5°F and a maximum positive value of 4.5°F reported at the two extremes. Extensive measurements on temperature, wind, and humidity were made by Penman and Long ( 4) within a wheat crop of varying density. They observed that the thin crop at night was the warmest.
These workers also recorded leaf tissue temperatures, and for an 8-day period in June, tissue temperatures averaged 3.8°F less than the adjacent air tempera ture, but on at least one occasion exceeded the adjacent air temperature by 0.5°F. Geiger (2) , in discussing tissue temperatures, claimed that every leaf has a certain thermal time lag. This lag depends on the thickness of the leaf. Waggoner and Shaw (9) found that leaf temperatures varied according to the angle of the leaves and that temperatures varied considerably at different heights of the stems of corn and tomato plants. This study was designed to measure the temperature variations in oat plots and over bare ground; to determine the differences in temperature in the plots between two oat varieties; to measure any changes in temperatures within the plots with later seedings using an early and a late variety; and to investigate the possibility of finding one location level where the temperature could be indica tive of all temperatures occurring in a growing oat crop.
MATERIALS AND METHODS
Field experiments for temperature studies were conducted at the Central Ex perimental Farm, Ottawa, in 1960, and at Macdonald College, Quebec, in 1961. At Ottawa the plots were located on Grenville loam, while at Macdonald Col lege they were grown on Chicot fine sandy loam. In 1960, seeding was done at six weekly intervals beginning on May 17, while in 1961 seven 10-day intervals were used, beginning on April 27. Two varieties of oats, early-maturing Clint land 60 and late-maturing Rodney, were seeded at approximately 76 kg/ha in replicated 10-row plots on each seeding date. A split-plot design was used, with dates of seeding as main plots and varieties as subplots.
One and one-half meter sections of a row surrounded by border rows were taken at each of seven selected growth stages. All plants " in the section were pulled and dried after removing the roots with scissors. The four central rows of the plot were left undisturbed for final yield determinations. The seven stages which served as criteria for total dry matter determinations were based on the morphological development of the panicle. These stages also served as periods on which to base temperature summaries. The seven stages can be described as follows:
Stage 1: Initiation of panicle development. In 1960, a six-point, portable remote recording electrical thermograph was used to record temperatures. Number 7 A Weston electric thermistors were used. A five-point temperature profile was recorded over bare ground im mediately adjacent to the plot area by placing thermistors on the soil surface and at 5, 20, 50, and 150 cm above the soil surface. The response time for each thermistor was 5 minutes, so that only two complete recordings could be made hourly. Continuous recordings on this basis were made from May 17 to Sep tember 19.
In 1961 two 16-point Leeds and Northrup Speedomax type G recorders were employed. Thermocouples were constructed from 20-gauge copper constantan wire. The response time for each thermocouple was 4 seconds, so that a complete recording could be taken in 64 seconds. This minimized varia tions in recorded temperatures, such as could be caused by temporary cloud cover. An electrically driven control motor simultaneously activated both recorders once every hour for 1.5 minutes.
Five thermocouples were used to record the temperature profile over bare ground. The remaining thermocouples were used to measure temperature variations in the first replication of each of the seven seedings and in both varie ties. One thermocouple was placed on the soil surface between the rows in the center of the plot, a second one was placed initially 5 cm above the soil surface and adjusted daily to retain a position adjacent to the developing panicle as the plants grew. Any thermocouples which were temporarily available (due to seeding date intervals) were used to measure tissue (one per plant per plot), radiation, and soil temperatures. To measure tissue-temperatures a thermo couple, filed to a fine, sharp point, was inserted into the tissues, starting at the soil surface and subsequently adjusted to accompany panicle development. Temperatures radiating from the top of the oat leaves were measured by placing thermocouples just above the upper leaves. Precautions were taken against re cording radiation temperatures rather than ambient air temperatures by the use of wafer-type aluminum shields. 3 To obtain more data during frost periods, an area was seeded to Glen oats on August 21, 1961. Growth on part of this area became very dense as a result of volunteer plants from the previm1s oat crop. Thermocouples were placed above the upper leaves, on the soil surface within the plot, and in the tissues in both the thick and normal density oats.
To study most advantageously the massive temperature data collected, periods were arbitrarily selected to represent the day and night temperatures. In 1960, two periods of five hourly readings, from 12.00 noon to 4.00 p.m. and from 1.00 to 5.00 a.m., were selected to represent the day and night tempera tures, respectively. In 1961, two periods of four hourly readings were used, from 12.00 noon to 3.00 p.m. and from 2.00 to 5.00 a.m.
RESULTS
During the day, temperatures measured at five levels over bare ground were inversely correlated with height (Table 1 ) . The average seasonal day tem perature on bare ground averaged 10°C higher than the temperature at 150-cm 'The design of these shields was based on recommendations of Mr. G. W. Robertson, Head, Agrometeorological Section, Canada Department of Agriculture, Ottawa. (Table 1) . Differences among the various levels, however, were not as pronounced as in the case of day temperatures. Marked differences in day temperatures between the 150-cm level and the ground sur face are apparent by comparisons of moving mean day temperatures (Fig. 1) . Night temperatures were very similar at the two levels.
Temperatures on the ground within the oat plots were quite unlike those occurring on bare ground or at the 150-cm level. As the oat plants developed, day temperatures within the plots decreased (Fig. 2) even though temperatures outside the plots rose as the season progressed (Fig. 1) . Night temperatures, on the other hand, were higher than those outside the plots. Within the oat plots, then, the diurnal temperature cycle was greatly reduced as the plants developed.
Since Rodney is a late oat and slower to develop than Clintland 60, it was subjected to higher seasonal temperatures. Further study of the day tem peratures on the ground within the plots at each growth stage, however, re vealed that day temperatures within plots of Rodney were lower than those in plots of Clintland 60 (Fig. 2) . Night temperatures in the Rodney plots ex ceeded those in plots of Clintland 60, at least up to growth stage 5.
Temperature comparisons within the plots and over bare ground in the two varieties over the seven seeding dates show that with later seedings, temperatures at all locations generally increased ( Table 2) . In spite of a slower rate of de velopment, day temperatures within plots of Rodney were lower and night temperatures higher than in plots of Clintland 60 ( Table 2) . Comparisons of the dry-matter yields (Fig. 3) show that Rodney produced more dry matter than did Clintland 60 at all growth stages. When panicle development was initiated at growth stage 1, the oat plants were 10 to 15 cm tall, but the developing panicle itself was located below the soil surface. At stage 2, the panicle was at the soil surface. Estimates of the air temperature adjacent to the panicle from seeding to stage 2 were obtained, therefore, from measurements located on the soil surface. Temperatures adjacent to the panicle within the plots followed closely the temperatures over bare ground at similar heights (Fig. 4) . However, the re gression of day temperatures within the plots on those at comparable heights over bare ground was 1.11; for night temperatures, 1.03. These values are significant. Temperatures therefore taken outside the plot tend to overestimate those within the plot and could not be considered a direct substitute without adjustment.
Under freezing night conditions, temperatures were lowest above the upper leaves (Table 3) . Temperature measurements were taken at various points within and outside the plots when the oat plants were 10 to 15 cm tall. The ground surface acts as a radiating source, but rising air is trapped under the leaf canopy. Consequently, temperatures were higher under the leaves (on the ground within the plot) than above the leaves. It is interesting to note that temperatures 20 cm above the bare ground were higher than those above the leaf surfaces, an effect of direct heat radiation from the soil. Further, soil temperatures on bare ground were, on the average, three degrees below those within the plots. Tissue temperatures at the ground level under frost conditions were lower than those of the soil surface within the plot (Table 3 ). In plots of normal stand, tissue temperatures were slightly lower than corresponding tissues in plots with a dense stand, a further effect of lower heat loss from dense plots. Tem peratures of tissues 5 cm above ground level in plots of normal stand were similar to those above the leaf surface.
Day temperatures of plant sheath tissues taken throughout the summer were on the average cooler than the adjacent air temperature, except in August as the plants approached maturity (Table 4) . At night, sheath tissues of Clint land 60 had higher temperatures than the adjacent air, except in August while the reverse was true for Rodnev. Temperatures in the microclimate over bare soil are much more variable than indicated by measurements at a standard height. The temperature variations occurring within oat plots, however, are greatly reduced, especially with in creased plant development. Within plots, temperature differences between varieties can be measured and appear to be related to differences in plot density associated with the relative production of dry matter. This suggests that the microclimate may be altered either by population changes or by breeding and selecting plants for differences in number, size, and angle of leaves. Since day temperatures within the plot are lower and night temperatures higher than over bare ground outside the plot, the daily temperature cycle is greatly reduced. This temperature cycle may be important in plant growth (3, 10) . The variable temperatures occurring in the microclimate are not reflected in daily means. Therefore, both the day and the night temperatures should be considered rather than the mean daily temperature. The importance of this reduced temperature cycle will be discussed in a later paper.
Standard temperature recording equipment at all meteorological stations is located at a height of 13 5 to 180 cm. While temperatures recorded at this level are indicative of temperatures over a wide horizontal area, they are not indicative of temperatures vertically below them. Since the temperatures on the bare soil surface are influenced by moisture and color of the soil as well as other factors, no constant relationship between temperatures measured at the 150-cm level and those on the soil surface exists. Temperatures on the ground within a crop appear to depend on the leaf area of the crop and the variety. It could be suggested that the direction of row spacing, the width of row, and the rate of seeding all influence the amount of sunlight penetrating to the soil and hence the temperature. Factors such as frequency of rains, wind move ment, humidity, and soil type along with the canopy density prevent any direct relationship with temperatures on the bare ground surface within the plot from being made with those at standard levels.
Temperatures measured adjacent to the developing panicle followed closely temperatures over bare ground at a comparable height. A regression analysis showed that both the day and night temperatures adjacent to the panicle were slightly overestimated by measurements over bare ground. Tamm et al. (8) found it impossible to determine generally applicable firm relationships be tween crop temperatures and the ambient regional climate. The observations appear to hold true in this region also.
The range of tissue temperature found in this study is in agreement with work by Penman and Long ( 4).
During frost periods, air temperatures at the upper surfaces were found to be the lowest recorded of any area measured. This effect was very pronounced in a dense stand of oats only 15 cm tall. The ground surface within the plot acted as a radiating source, but heat radiating from the soil was trapped by the leaf canopy so that temperatures under the leaves were warmer than air above the leaves. This fact may be important in protecting the growing point of seedlings subjected to spring frosts.
The increase of the daily temperature range with approach to the ground is commonly observed. The influences of a crop canopy from two oat varieties on temperature are observed in this study and serve to point out the variation found at different levels, the variation between varieties, and the difficulty in volved in measuring or predicting temperatures within the canopy. Differ ences in temperature between the two varieties suggest that morphological changes in plant type may be important in altering the microclimate.
